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Abstract.1 The current study deals with the removal of 
cationic dye (brilliant green) and anionic dye (methyl 
orange) from wastewater by using sunflower husk as an 
adsorbent. The operation takes place batch wise by 
applying several concentrations of the dye solution with 
various adsorbent amounts, at a range of initial PH values 
and particle sizes at varying contact time intervals. The 
percent of dye removed for two dyes increased with 
increasing time and adsorbent dose and decreased with 
increasing the dye concentration and particle size. The 
equilibrium time differed according to conditions used. 
The optimum removal for brilliant green dye was 98 %, 
which was achieved at 50 ppm dye concentration, 2 g\l 
adsorbent dose, 75 µm particles size and pH 7 at contact 
time of 1 h, compared with low removal for methyl 
orange that reached 54 % under optimum conditions (dye 
concentration 10 ppm, adsorbent dose 4 g/l, pH 3 at the 
same particles size and time). Kinetic studies were 
conducted and revealed that the adsorption was well 
defined by pseudo-second order model and could be 
described by the Langmuir isotherm.  
 
Keywords: adsorption, sunflower husk, methyl orange, 
brilliant green, basic dyes, acidic dyes. 

1. Introduction 
The textile industry consumes huge amounts of 

water in wet processing operations, thus inducing essential 
quantities of wastewater, including large amounts of 
heavy metals, organic pollutants and coloring materials. 
Among them, the colored dyes materials cause numerous 
problems [1].    

Dyes are main components usually used in 
different industries such as leather, textile, paper and 
plastic production [2]. These industries consume large 
amounts of water and result in extensive volumes of 
wastewater from various processes in the dyeing and 
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finishing steps. Therefore, the existence of small amounts 
of dyes in water (less than 1 mg/dm3 for some dyes) is 
extremely apparent and unfavorable [3]. Color hinders the 
accurate entry of sunlight into water bodies, obstructing 
photosynthesis, preventing the growth of aquatic biota and 
influencing the solubility of gases within the water bodies. 
Dyes have been represented universally as poisonous 
since they cause skin, lung and respiratory problems [4]. 

Dyes exist in many structural forms, including 
anionic (reactive and acid dye), cationic (basic dyes) and 
nonionic dyes (vat dyes and dispersed dyes) [5]. According 
to dye classifications, brilliant green and methyl orange are 
classified as cationic and anionic dyes, which need disposal 
from wastewater. They are widely used in textile dyeing 
and paper printing and are seemed toxic for humans and 
animals because they harm the eyes, and their contact with 
skin results in irritation with pain and redness. Therefore, 
the dye removal is of great significance [6]. 

Different treatment processes have been used for the 
dye removal, such as adsorption [7], reverse osmosis [8], 
solvent extraction [9], chemical precipitation [10], ion 
exchange [11], ozonation [12], coagulation–flocculation 
and membrane process [7]. Among these methods, 
adsorption is the most efficient technique for elimination of 
organic components from the aqueous solution because of 
its easy design, susceptibility to noxious materials and 
simplicity of operation [13]. But its utilization is finite due 
to the adsorbents high cost and persistent problems of the 
regeneration. Therefore, consideration for organic pollutant 
removal employing substitutional low cost adsorbents is 
presently increasing by many researchers [14]. 

Various agricultural biomasses like peanut hulls 
[15], palm kernel fiber [16], sugarcane dust [17], wheat 
straw and apple pomace [18], banana peel and orange peel 
[19], citrullus lanatus peel [20], waste tea leaf [21], tree 
fern [22], Annona squamosal seed [23], coffee husk [24] 
and sawdust [25] have been already studied for the 
removal of various kinds of dyes. The employment of 
plant residues for the wastewater treatment has the 
following advantages: (i) plant residues are cellulosic 
compounds which have a natural capability to uptake 
waste chemicals such as dyes from water by means of the 
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coulombic interaction; (ii) plant residues are agricultural 
wastes obtainable in large quantities at low or no cost; (iii) 
wastes elimination is a proper environmental issue in the 
countries that have extended agricultural activities [26]. 

The present study is an attempt to eliminate methyl 
orange (MO) and brilliant green (BG) from synthetic 
wastewater by an adsorption process using sunflower 
husk, which is an agricultural waste, as an adsorbent.  The 
influences of different parameters such as initial dye 
concentration, adsorbent dosage, solution pH, particles 
size and kinetics were studied. 

2. Experimental  

2.1. Materials and Methods 

In this study methyl orange (acid dye) and brilliant 
green (basic dye),  purchased  from  Sigma-Aldrich,  were 

used as the model adsorbates. The structure of these dyes 
and their physical properties are shown in Table 1. Stock 
solution with 250 ppm dye concentration was provided by 
dissolving 0.25 g of dye in 1 liter of distilled water, and 
other concentrations were prepared by dilution of the 
stock solution. 

Sunflower husk was used as an adsorbent for 
elimination of dyes from water. It was locally obtained 
from sunflower seeds, washed by water to remove any dirt 
and dried in the oven at 353 K for 24 h. The dried materials 
were ground and sieved to achieve sizes of particles ranging 
within 75–600 μm. No physical or chemical treatments 
were employed before adsorption experiments.  

The chemical composition of the sunflower husk 
was: 29.3 % of lignin, 31.9 % of cellulose and 27.2 % of 
pentosane [27]. 

Sulfuric acid and potassium hydroxide were used 
to adjust the acidity and basicity of the solution. 

 
Table 1 

Physical properties of dyes 
Dye  Properties Brilliant green Methyl orange 

Molecular weight, g/mol 482.639 327.33 
Chemical formula C27H33N2HO4S C14H14N3NaO3S 

Solubility in water at 293 K 100 g/l 0.5 g/100 ml 

Molecular structure 

 

 

 

2.2. Adsorption Process 

The experimental works were performed by 
addition of specific amounts of adsorbent into 200 ml 
volumetric flasks having particular volumes (150 ml) of 
various initial dye concentrations: 25–100 ppm for 
brilliant green and 10–50 ppm for methyl orange. The 
flasks were placed in a shaker (type KOTTERMANN 
4010, Germany) and agitated for 60 min. Then the 
samples were withdrawn at different intervals to measure 
the dye concentration at different times using UV-visible 
spectrophotometer (Jenway model 6800) at maximum 
wavelengths of 625 nm for brilliant green and 470 nm for 
methyl orange. The percentage of dye removal can be 
calculated as follows: 

100%
0

0 ⋅
−

=
C

CCremoval t     (1) 

where C0 and Ct are the dye concentrations at initial and 
any time, respectively, mg/l. 

2.3. Isotherm Studies 

Two isotherms such as Langmuir and Freundlich 
are usually employed for this study. The first isotherm 
depends on the hypothesis that adsorption occurs at 
particular homogeneous situations within the sorbent and 
as soon as a dye molecule takes up a site, no further 
adsorption happens at that site. Theoretically, the 
adsorbent has a restricted capability to adsorb the sorbate. 
Thus, a saturation value is accomplished over which no 
more adsorption happens. The monolayer capability can 
be represented by the following formula [28]: 
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Eq. (2) was rearranged to Eq. (3)  

e
mb

me

e C
qqq

C 11
+=                  (3) 

where Ce is the concentration of the adsorbate at 
equilibrium, mg/l; qe is the quantity of the adsorbate 
adsorbed per adsorbent mass unit and calculated from Eq. 
(3a), mg/g; qm and  b are the Langmuir constants, their 
value can be calculated graphically from intercept and 
slope of plotting (Ce/qe) vs. Ce [29]. 

m
VCC

q e
e

)( 0 −
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where C0 and Ce are the initial concentration of dye and 
equilibrium concentration, respectively, mg/l;  V is the dye 
solution volume, l; m is the mass of adsorbent, g. 

The Freundlich isotherm is an empirical model that 
supposes heterogeneous adsorptive energies on the 
adsorbent surface. It is expressed by the following 
equation [30]:  

n
efe CKq /1=              (4) 

This equation is linearized by taking logarithms as 
follows:  

fee KC
n

q loglog1log +=   (5) 

where Kf and 1/n are empirical constants. They can be 
determined by plotting logqe vs. logCe, and the slope of the 
line is the value of 1/n, while logKf is the y-intercept of line. 

2.4. Kinetics of Adsorption Process 

For analyzing the adsorption of dye onto sunflower 
husks, pseudo-first order, pseudo-second order and intra-
particle diffusion kinetic models were applied to the best 
experimental data [31]. 

The pseudo-first order model is generally 
expressed as: 

)1( 1tk
et eqq −−=               (6) 

where qt and qe are the biosorption capacity of dye at time 
t and the equilibrium, respectively, mg/g; qt is calculated 
according to Eq. (6a); k1 is the biosorption rate constant of 
the pseudo-first order model. 

tt CCq −= 0           (6a) 
where Ct is the remaining dye concentration at time t, 
mg/l. 

The pseudo second-order model supposes that the 
adsorption follows a second-order mechanism and 
chemical adsorption, perhaps the rate limiting step, that 
includes covalent forces or valence forces between 
adsorbate and sorbent. 

The rate of the pseudo-second order reaction is 
expressed by Eq. (7): 

eet q
t

qkq
t

+= 2
2

1    (7) 

where k2 is the pseudo-second order rate constant, 
g/mg∙min. 

The intra-particle diffusion model presumes that 
adsorption is a multi-step process including transfer of 
adsorbate from the aqueous solution to the sites of the 
adsorbent (surface sorption) and diffusion into pores 
(intra-particle diffusion) and this model is expressed as 
Eq. (8) 

Ctkq pt += 2/1           (8) 
where kp is the intra-particle diffusion rate constant, 
mg/g∙min1/2; C is a constant, mg/g. 

3. Results and Discussion  

3.1. Effect of pH 

The influence of pH on the removal of brilliant 
green dye by sunflower husks was considered by 
variations in the pH of dye solution (from pH 3 to pH 11) 
at the initial dye concentration of 100 ppm, particles size 
of 75 μm and sunflower husk amount of 2 g/l. The dye 
removal percentages vs. different pH values are plotted in 
Fig. 1.  

The results indicate that the dye removal increases 
with increasing initial pH of the dye solution from 3 to 7 
and decreases at pH 11. It was 24 % for an acidic 
medium, while maximum removal occurs at pH 7, which 
was 80 % after 50 min, and as the pH value increases to 
11, the removal efficiency decreases to 66 %.  

At lower pH values, the concentrations of H+ are 
high and they contend with dye cations for unoccupied 
adsorption sites, leading to the decrease in the dye uptake. 
Increasing the pH value, the surface of adsorbent is 
negatively charged and encourages uptake of cationic dye 
because of increasing electrostatic force of attraction. For 
a higher value (pH 11) the uptake level decreases due to 
the formation of a soluble hydroxyl complex between the 
adsorbent and the dye. This behavior agrees with Dakhil 
[32], who found the maximum removal of methylene blue 
by spent tea leaves at pH 7 and less removal for acidic and 
basic solutions. 

The effect of pH on the removal of methyl orange 
dye was also studied (Fig. 2). Low removal rates were 
obtained for natural and basic environments while for acid 
systems a higher removal percent (26 %) was obtained 
after 40 min. This means that the sunflower husk required 
activation or modification to be able to adsorb more 
methyl orange dye from the water. 
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3.2. Effect of Contact Time and 
Adsorbent Dosage 

The effect of time and adsorbent dosage on dye 
removal were investigated by varying the sunflower husk 
amount from 0.5 to 4 g/l for brilliant green and from 4 to 
15 g/l for methyl orange at times ranging within 10–
60 min, as illustrated in Figs. 3 and 4, respectively. The 
dye concentration was 50 ppm, particles size 75 μm and 
optimum pH solution for each dye (pH 7 for brilliant 
green and pH 3 for methyl orange). It was observed that 
the percentage of dye removal increased as time and 
sunflower husk dosage were increased.  

It can be seen from Fig. 3 that the removal 
efficiency of brilliant green increased with increasing time 
for all adsorbent doses due to existence of free sites on the 
upper surface of the biosorbent and then began slowing 
with the gradual occupancy of these sites [3]. Equilibrium 

time for each dosage differed depending on the amount of 
sunflower husks. It was 20 min for high amounts  
(2–4 g/l), while for low dosage (1 g/l) more time was 
needed to reach equilibrium (50 min). Also, an increase in 
the biomass amount from 0.5 to 2 g/l led to an increase in 
the removal efficiency from 58 to 96 %, after 60 min. This 
is due to the increase in the surface area of sunflower husk 
and availability of more adsorption sites, consequently 
making penetration of the dye to the sorption sites [33] 
easier. Further increases of adsorbent to 3–4 g/l showed 
little difference for removal efficiency; therefore, it is not 
economical to increase adsorbent doses greater than 2 g/l. 

A similar behavior was observed for methyl orange 
(Fig. 4). Although the amount of sunflower husk was 
higher than that used for brilliant green, a lower value of 
removal efficiency is observed. The maximum removal 
efficiency was 51 % at adsorbent amount of 15 g/l (cf. 
with 98 % at adsorbent amount of 2 g/l for brilliant green). 

 

 

 

 
Fig. 1. Effect of pH on the brilliant green adsorption. 
Adsorbent dose is 2 g/l,dye concentration is 100 ppm  

and particles size is 75 µm 

Fig. 2. Effect of pH on the methyl orange adsorption. 
Adsorbent dose is 4 g/l,dye concentration is 50 ppm  

and particles size is 75 µm 
 

  
Fig. 3. Effect of sunflower husk dosage on the adsorption  

of brilliant green. Dye concentration is 50 ppm,  
particles size is 75 µm, pH 7 

Fig. 4. Effect of sunflower husk dosage on the adsorption  
of methyl orange. Dye concentration is 50 ppm,  

particles size is 75 µm, pH 3 
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3.3. Effect of Adsorbate Concentration 

The effect of adsorbate concentration on the dye 
adsorption is illustrated in Fig. 5 and 6 for brilliant green 
and methyl orange, respectively.  

As the concentration of dye increased from 25 
to100 ppm (Fig. 5), the dye adsorbed percentage decreases 
from 98 to 77 % after 60 min. The result denotes that the 
removal efficiency depends on the initial concentration of 
dye. This phenomenon can be explained in terms of available 
active sites. At low concentrations of adsorbate, the ratio of 
active surface sites to total dye is high; hence the dye ions 
could interact with the adsorbent to occupy the active sites on  

the sunflower husk surface and can be removed from the 
solution. But with the increase in adsorbate concentration, 
the number of active adsorption sites is not enough to 
contain dye ions, and this agrees with the literature data 
[34]. 

Fig. 6 represents how the methyl orange dye con-
centration affects the removal efficiency. After 50 min, 
when the concentration decreased from 50 to 10 ppm, the 
removal increased from 24 to 54 %. Although the con-
centration of methyl orange was lower (10–50 ppm) than 
that of brilliant green (25–100 ppm),  the sunflower husk 
was more effective for the removal of brilliant green. This 
means that it is not suitable for methyl orange removal. 

 

  

Fig. 5. Effect of adsorbate (brilliant green) concentration on the 
dye adsorption. Adsorbent dose is 2 g/l,  

particles size is 75 µm, pH 7 

Fig. 6. Effect of adsorbate (methyl orange) concentration on 
the dye adsorption. Adsorbent dose is 4 g/l,  

particles size is 75 µm, pH 3 
 
3.4. Effect of Particles Size  

 
Fig. 7. Effect of particles size on the brilliant green adsorption. 

Adsorbent dose is 2 g/l, dye concentration is 50 ppm, pH 7  

The size of the adsorbent was varied to observe the 
influence of particles size on a removal efficiency. Since 
the adsorbent was not suitable for methyl orange removal, 

the effect of its particles size was not studied. For brilliant 
green dye the experimental results are shown in Fig. 7 at 
the constant dye concentration of 50 ppm, adsorbent dose 
of 2 g/l and pH 7. It was noted that the smaller size gave a 
higher removal efficiency: 98, 54 and 40 % for particles 
size of 75, 300 and 500 μm, respectively, after contact 
time of 60 min. The reason is that a great number of 
smaller particles accommodates the adsorption system 
with a greater surface area ready for dye removal [1].   

3.5. Comparison Between Cationic and 
Anionic Dyes 

The sunflower husk was used as an adsorbent for 
the uptake of two types of dyes, brilliant green as a 
cationic dye and methyl orange as an anionic dye. The 
results are shown in Fig. 8 at dye concentration of 
50 ppm, adsorbent dose of 4 g/l, particles size of 75 μm 
and pH 7 for brilliant green and pH 3 for  methyl orange.  

Cationic dyes are rapidly adsorbed on the 
sunflower husk. After 20 min, nearly 97 % of  basic  dyes  
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can be removed from water, while for anionic species 
only about 23 % were removed by the adsorbents. The 
greater attraction for the sunflower husk of cationic dyes 
than that of anionic dyes can be assigned to the cellulosic 
composition of the adsorbents.  

 

 
 

Fig. 8. Adsorption of methyl orange and brilliant  
green at concentration of 50 ppm. Adsorbent amount  

is 4 g/l, particles size is 75 μm 
 

 

The coulombic forces between dye species and 
negatively charged cellulose  in  water  are  the main 
interactions which influence the dye adsorption on the 
sorbents. It is evident that higher adsorption rates are 
needed for the removal of anionic dye; the sunflower husk 
must be chemically modified with cationic groups.  

This behavior agrees with Sun and Xu [26], who 
used sunflower stalks as an adsorbent for the removal of 
two types of cationic dyes and two types of anionic types. 
The higher removal percent was shown for cationic dyes 
(methylene blue), which was 80 %, compared with 10 % 
for anionic dye (congo red).    

3.6. Adsorption Isotherm  
The adsorption isotherm and kinetics were 

calculated only for the best dye removal. Therefore, the 
experimental equilibrium adsorption data of brilliant green 
onto sunflower husks have been analyzed using 
Freundlich and Langmuir isotherms. 

The parameters of Langmuir and Freundlich 
isotherms and the coefficients correlation (R2) of each 
isotherm were calculated by the linearized regression 
method and are listed in Table 2 and shown in Figs. 9 and 
10, respectively. Results specified that the adsorption is 
described well by the Langmuir isotherm model. 

 
Table 2 

Langmuir and Freundlich parameters 
Isotherm model Parameter Value 

qm, mg/g 61.728 
b, l/mg 0.711 Langmuir 

R2 0.9791 
Kf, mg/g 26.867 

n 3.054 Freundlich 
R2 0.8699 
 

3.7. Adsorption Kinetics 

Three kinetic models were used in this work: 
pseudo-first order, pseudo-second order, and intra-particle 
diffusion models. Figs. 11, 12 and 13 show the application 
of the kinetic models by plotting lnqt vs. t, (t/q) vs. t and qt 
vs. t1/2, respectively. To determine the degree of 
agreement for the kinetic model, the coefficients R2 were 
determined. The highest R2 specifies the applicability of 
the kinetics model. 

The pseudo-second order model was more suitable 
to characterize the adsorption kinetic data for brilliant 
green, and all kinetics parameters are listed in Table 3. 

Table 3 

Adsorption kinetic parameters 
Value Parameter Adsorption model 
0.0013 K1, min-1 
45.6 qe, mg/g 

0.922 R2 

The pseudo-first order 
model 

0.018 K2, g/mg∙min 
50 qe, mg/g 

0.9998 R2 

The pseudo-second 
order model 

0.6847 Kp, mg/g∙min1/2 

43.942 C 
0.9634 R2 

Diffusion model 
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Fig. 9. Linearization of Langmuir model Fig. 10. Linearization of Freundlich model 

 

  
Fig. 11. Linearization of the pseudo-first order model Fig. 12. Linearization of the pseudo-second order model 

Fig. 13. Linearization of the intra-diffusion model 

 
 

 

4. Conclusions 
The adsorption process using sunflower husks 

ensures an excellent removal of brilliant green dye from 
water but is less effective for the removal of methyl orange 
dye, although the quantity of sunflower husks was high and 
the dye concentration was low. The best solution for 
brilliant green was neutral one (pH 7) since it gave high 
removal compared to acidic and alkaline media, while for 

methyl orange the acidic medium was better than neutral 
and alkaline ones. The removal efficiency increases with 
the decrease in dye concentration and particles size. As the 
amount of adsorbents increases, the removal increases as a 
result of more available active sites. The optimum removal 
obtained from experiments was 98 % using the sunflower 
husk, with adsorbent amount of 2 g, brilliant green dye 
concentration 50 ppm, particles size 75 μm and pH 7. The 
pseudo-second order model produced a better fit than other 
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kinetic models and equilibrium experimental data were 
defined by a Langmuir isotherm model.  
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АДСОРБЦІЯ КАТІОННИХ І АНІОННИХ 
БАРВНИКІВ З ВОДНОГО РОЗЧИНУ  
З ВИКОРИСТАННЯМ ЛУШПИННЯ 

СОНЯШНИКУ 
 
Анотація. Досліджено вилучення катіонного (діаман-

товий зелений) та аніонного барвника (метилоранж) із стіч-
них вод, з використанням як адсорбенту лушпиння соняшнику. 
Дослідження проводили серіями за різних концентрацій 
розчину барвника, кількостей адсорбенту, значень рН, розмірів 
частинок та при різних значеннях часу контакту. Для обох 
барвників встановлено, що кількість видаленого барвника 
збільшується зі збільшенням часу та кількості адсорбенту і 
зменшується зі збільшенням концентрації барвника та 
розміром частинок. Час встановлення рівноваги змінювався 
залежно від умов досліджень. Визначено, що оптимальна 
ступінь видалення діамантового зеленого становить 98 % за 
концентрації барвника 50 ppm, кількості адсорбенту 2 г\л, 
розмірі частинок 75 мкм та рН 7 за час 1 год порівняно з 54 % 
метилоранжу за оптимальних умов (концентрація барвника 10 
ppm, кількість адсорбенту 4 г/л, рН 3 при однакових розмірах 
частинок і однаковому часі). Проведені кінетичні дослідження 
показали, що адсорбція визначається псевдомоделлю другого 
порядку і може бути описана ізотермою Лангмюра. 
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